ABSTRACT: Although some members of the genus Daedaleopsis have been prized for their medicinal and spiritual powers since Neolithic times, modern science has not yet sufficiently dealt with their bioactivities. This study aims at defining the antioxidative activities of extracts of Daedaleopsis tricolor wild and cultivated basidiocarps and mycelium and assessing their dependance on substrate type. Ethanol extracts (at a concentrations from 0.25 mg/mL to 16.00 mg/mL) of mycelium and wild fruiting bodies showed a considerable antioxidative potential (88.65% and 81.57%, respectively), which was almost the same as the commercial antioxidant BHA (88.91%). These radical scavenging abilities were reflected in EC 50 values, which were 12.45 mg/mL for the extract of cultivated basidiocarps, 8.29 mg/ mL for the extract of wild basidiocarps, 7.93 mg/mL for mycelium one, and 0.10 mg/mL for commercial antioxidant. Despite the fact that phenol proportion in the extracts was no negligible (between 20.41 µg GAE/mg of the extract of dry wild basidiocarps and 146.37 µg GAE/mg of the extract of dry cultivated basidiocarps), its correlation with antioxidative activity was moderate. Flavonoids, in significant concentration, were detected only in the extract of cultivated fruiting bodies (28.64 µg QE/mg of dry extract), but no correlation with radical scavenging capacity was noted. A remarkable antioxidant potential, especially of the submerged cultivated mycelium, put D. tricolor high on the list of promising new natural antioxidants.
INTRODUCTION
The genus Daedaleopsis, which was firstly described by Schröter (1888), includes six widespread saprobes and pathogens commonly found on trees and stumps of the Alnus, Betula, Salix, Corylus, Fagus, Quercus, and Prunus species, in the forests of Europe, North America, and Asia (Gorlenko, 1980; Karadžić, 2011; Marković, 2012) . Some members of this genus have been prized for their medicinal and spiritual powers since Neolithic times, which is confirmed by 7,000 years old D. tricolor fragments found in cottages in an archaeological site near Rome. These fungal fragments were also the oldest material which DNA was isolated and sequenced (Bernicchia et al., 2006) . Despite this ancient knowledge, modern science has not yet sufficiently dealt with the medicinal potential of Daedaleopsis spp. so there are only a few reports on their bioactivities. According to Bernicchia et al. (2006) and Vidović et al. (2011) , D. confragosa is a source of many bioactive compounds, primarily peptides with anti-hypertensive and analgesic effects, polysaccharides with cytostatic activity, and substances with antioxidant capacity.
The normal cellular metabolism and oxygen consumption are coupled with the generation of free radicals like reactive oxygen species (ROS), reactive nitrogen species (RNS), reactive sulphur species (RSS), superoxide anion radicals (O 2 -), hydrogen peroxide (H 2 O 2 ) and hydroxyl radicals (•OH). Oxidative stress, which occurs as a result of the disbalance between the concentration of reactive radical species and the potential of defense system of an organism, is the trigger for the most serious diseases of the modern times, such as cancers, cardiovascular diseases, neurodegenerative disorders, etc. (Ćilerdžić et al. 2013) . Despite the existence of numerous commercial, synthetic antioxidants, which are currently used, there is a growing interest in finding novel natural antioxidative agents that could be continuously used without any side effects on the human organism.
It has already been determined that many mushroom species possess antioxidative, antimicrobial, cytotoxic, immunomodulatory, and many other effects (Ćilerdžić et al., 2013; Milovanović et al., 2015) . Owing to these characteristics, some species, such as Ganoderma lucidum and Lentinus edodes, have become highly valued and demanded in the health food market. Since the amount of fruiting bodies found in nature is insufficient to meet the needs of a growing market, the current trends deal with finding the optimal substrate for their large scale production (Berovič et al., 2003; Ćilerdžić et al., 2014) . The preference is given to the usage of alternative substrates, which is economically justified and environmentally friendly, contrary to the usage of the traditional ones. Wheat straw is lignocellulosic residue, which is produced in enormous amounts in Europe, and remains as ballast in nature though it has a huge potential as a substrate for production of high-quality fruiting bodies (Stajić et al., 2009) . In addition to the optimization of fruiting bodies cultivation, great efforts are made to improve the production of mycelium biomass, as a promising alternative for fruiting bodies, which cultivation is carried out under easily controlled conditions for a considerably shorter time.
Considering that there are still no reports about D. tricolor antioxidative potential, the aim of this study was to define the activity of basidiocarps and mycelium extracts and the assesment of their dependance on the substrate type.
MATERIALS AND METHODS

Organism and cultivation conditions
The fruiting body collected in Veliko Tarnovo (Bulgaria) was identified as Daedaleopsis tricolor, and the isolated culture, designated as BEOFB 720, is maintained on malt agar medium in the culture collection of the Institute of Botany, Faculty of Biology, University of Belgrade (BEOFB).
Inoculum was prepared by inoculation of 100.0 mL of synthetic medium (glucose, 10.0 g/L; NH 4 NO 3 , 2.0 g/L; K 2 HPO 4 , 1.0 g/L; NaH 2 PO 4 x H 2 O, 0.4 g/L; MgSO 4 x 7H 2 O, 0.5 g/L; yeast extract, 2.0 g/L; pH 6.5) with mycelial discs (Ø 0.5 cm, from 7-day-old culture from malt agar), incubation at room temperature (22 ± 2 ºC), on rotary shaker (Heidolph Instruments, Germany), for 7 days, washing of obtained biomass with distilled water, and its homogenization in laboratory blender.
Mycelial biomass was obtained by submerged cultivation in 1000-mL Erlenmeyer flasks containing 600.0 mL of synthetic medium inoculated with 30.0 mL of homogenized inoculum, at room temperature, on a rotary shaker, for 21 days. The biomass was separated from the cultivation broth, washed with destilled water, dried at 50 °C for 2 days and stored at -20 °C until usage.
The cultivation of basidiocarps was carried out in 100-mL flasks containing 2.0 g of wheat straw as the carbon source and 10.0 mL of the modified synthetic medium (without glucose) inoculated with 3.0 mL of the inoculum, at 25 ºC for 21 days. The obtained basidiocarps were dried at 40 °C for 2 days and stored at -20 °C until usage.
Preparation of the fungal extracts
Finely powdered mycelium as well as wild and cultivated basidiocarps of D. tricolor (10.0 g) were extracted with 300.0 mL of 96% ethanol by stirring on the magnetic stirrer (150 rpm) for 72 h. The obtained extracts were centrifuged (20 ºC, 3,000 rpm, 10 min) (Hettich Universal 32R, Germany) and supernatants were filtered through Whatman No.4 filter paper, concentrated under reduced pressure in a rotary evaporator (Büchi, Rotavapor R-210, Germany) at 40 °C to dryness, and redissolved in 96% ethanol to the initial concentration of 16.0 mg/mL.
Antioxidative activity assay
The free radical scavenging activity of the extracts was determined spectrophotometrically (CECIL CE 2501) by measuring the reduction of 4% methanol solution of 1,1-diphenyl-2-picrylhydrazyl (DPPH•) (Blois, 1958) . The mixture of 200.0 μL of extract (series of double dilutions from 16.0 mg/mL to 0.25 mg/mL) and 1,800.0 μL of DPPH• was shaken vigorously, incubated for 30 min in the dark, and absorbance was measured at 517 nm. The scavenging effect was calculated using the equation:
A 0 -absorbance of the negative control (all reagents except the extract); A sample -absorbance of the reaction mixture.
The mixture without extract was used as a negative control and that with commercial antioxidant (butylated hydroxyanisole -BHA) instead of extract as a positive control. Extract concentration (mg/mL) providing 50% of DPPH• reduction (EC 50 ) was obtained by interpolation from linear regression analysis.
Determination of total phenol content
The amount of total phenols in the extracts was estimated by a colorimetric assay based on the procedure described by Singleton and Rossi (1965) , using gallic acid as standard. 200.0 μL of extract (1.0 mg/mL) and 1,000.0 μL of 10% Folin-Ciocalteu reagent were reacted in the dark for 6 min before addition of 800.0 μL of 7.5% aqueous solution of Na 2 CO 3 . The reaction mixture was vortexed vigorously and incubated on a rotary shaker in the dark at room temperature, for 2 h. The absorbance of the reaction mixture was measured spectrophotometrically at 740 nm. The extract was substituted by sterile distilled water in the blank. The total phenol content was determined as μg of gallic acid equivalent (GAE) per mg of dried extract using an equation that was obtained from a standard gallic acid graph: Absorbance = 0.013 x total phenols (μg of gallic acid) + 0.165 (R 2 = 0.996).
Determination of total flavonoid content
Total flavonoid content was determined by the method described by Park et al. (1997) using quercetin as the standard. 1.0 mL of extract (1.0 mg/mL) was diluted with 4.3 mL mixture containing 4.1 mL of 80% ethanol, 0.1 mL of 10% aluminium nitrate (Al(NO) 3 x 9H 2 O), and 0.1 mL of 1.0 M aqueous solution of CH 3 CO 2 K. The reaction mixture was incubated at room temperature for 40 min and absorbance was measured spectrophotometrically at 415 nm. The mixture with ethanol instead extract was used as the blank. Total flavonoid content was expressed as μg of quercetin equivalent (QE) per mg of dry extract using an equation obtained from standard quercetin hydrate graph: Absorbance = 0.006 x total flavonoid (μg quercetin hydrate) -0.017 (R 2 = 0.995).
Statistical analysis
The assays were carried out in triplicate and the results are expressed as a mean ± standard error. One-way analysis of variance (ANOVA) and Tukey's test were performed using STATISTICA, version 6.0 (StatSoft, Inc., Tulsa, USA) in order to test any significant differences among means. Statistical significance was declared at p<0.05.
RESULTS AND DISCUSSION
Our results have clearly shown a considerable antioxidative potential of the studied Daedaleopsis tricolor extracts, as well as a significant difference (p<0.05) among capacities of mycelium extract on the one hand and extracts of cultivated and wild basidiocarps on the other hand (Figure 1) . The mycelial and wild basidiocarps' extracts showed a significantly higher DPPH• scavenging activity than the extract of alternatively cultivated basidiocarps. The maximum level of DPPH• reduction (88.65%) was obtained with mycelial extract (at a concentration of 16.00 mg/mL), which was almost the same as with BHA at the same concentration (88.91%). The effectivness of wild basidiocarps' extract at higher concentrations was similar to that of mycelial extract (81.57% at a concentration of 16.00 mg/mL), but at the lowest concentration it was significantly higher (8.73% at a concentration of 0.25 mg/mL). A considerable lower antioxidative potential was noted for the extract of cultivated basidiocarps, namely the maximum DPPH• reduction of 60.72% was noted at a concentration of 16.0 mg/mL (Figure 1 ). The observed differences between studied D. tricolor extracts were also reflected in EC 50 values, which were 12.45 mg/mL for the cultivated basidiocarps' extract, 8.29 mg/mL for wild basidiocarps' extract, and 7.93 mg/mL for mycelium one. Contrary to the studied D. tricolor extracts, which antioxidative ability increased gradually with the rising concentration, BHA showed an enormously high DPPH• scavenging capacity even at the lowest concentrations (0.25 mg/mL) and its EC 50 value was 0.10 mg/mL. The amounts of phenols and flavonoids varied significantly (p<0.05) between studied D. tricolor extracts ( Table 1 ). The lowest content of phenol compounds (20.41 µg GAE/mg of dry extract) was measured in the extract of wild basidiocarps, over two-fold higher content was detected in the mycelial extract, while the extract of cultivated basidiocarps was the richest (146.37 µg GAE/mg of dry extract). The extract of cultivated fruiting bodies was also the only containing flavonoids (28.64 µg QE/mg of dry extract) ( Table 1 ). The moderate degree of correlation (R 2 = 0.47) was observed between DPPH• scavenging activity and total phenol content, while there was not noted any correlation between the radical reduction ability and flavonoid amount. Although many previous studies have shown different antioxidative potential of numerous mushroom extracts and its dependance on species, fungal part (fruiting body, mycelium, spores), as well as solvent kind (polar or non-polar) and concentration (Mau et al., 2005a (Mau et al., , 2005b Elmastas et al., 2007; Saltarelli et al., 2009; Ramkumar et al., 2010; Sarikurkcu et al., 2015; Boonsong et al., 2016) , our results are the first to show the radical neutralization ability of D. tricolor. The capacity was similar to those of Agaricus bisporus, Clitocybe odora and Lactarius deliciosus basidiocarp methanol and ethanol extracts (EC 50 values were 9.61 mg/mL, 6.77 mg/mL and 8.52 mg/mL, respectively) (Khatua et al., 2013) . However, it was several-fold higher than methanol extracts of Polyporus sulphureus and Macrolepiota procera basidiocarps (5.36% and 3.26%, respectively) (Sarikurkcu et al., 2015) , but significantly lower comparing with 50% ethanol extracts of Auricularia auricula, Lentinus edodes and Daedaleopsis confragosa, which reduced 20%, 65% and 67% of DPPH•, respectively, at considerable lower concentrations (Vidović et al., 2011; Boonsong et al., 2016) .
Although the data reported for methanol and aqueous extracts of Gano derma tsugae basidiocarps and mycelia (Mau et al., 2005a (Mau et al., , 2005b and ethanol extract of alternatively cultivated G. lucidum basidiocarps (Ćilerdžić et al., 2013, 2014) showed that significant phenol concentration was highly correlated with degree of DPPH• reduction, it was not the case with the tested D. tricolor extracts. Namely, D. tricolor extracts were richer in phenols than extracts of mushrooms tested by Khatua et al. (2013) and Kaewnarin et al. (2016) , but correlation coeficient (R 2 ) was very low. Likewise, correlation absence can be demonstrated by the lowest antioxidative activity of cultivated basidiocarp extract which contained the highest phenol amount, and the highest activity of mycelial extract where these compounds were represented with 3.5-fold lower amount, which was not in accordance with data of Mau et al. (2005a) . Wild basidiocarp extract was one more confirmation of independance of scavenging ability and phenol content, i.e. it was poorer in phenols than cultivated basidiocarp extract but more active in radical neutralisation. It seems that antioxidant activity of wild basidiocarps is based on different extract constituents than phenols. Therefore, it is obvious that antioxidative potential of fungal extracts is not obligatory dependent on phenol proportion, but it can be result of complex synergistic or antagonistic interactions among phenols and other extract compounds (Kosanić et al., 2012) .
The presented results have clearly showed a remarkable antioxidant potential of the mycelium extract comparing to those of cultivated and wild basidiocarps of D. tricolor, which gives them a special importance, bearing in mind that mycelium cultivation is easily controlled, cheaper and faster process than the obtaining of basidiocarps. Further research should go in the direction of the optimization of submerged cultivation conditions and identification of the carriers of the activity in D. tricolor. РЕЗИМЕ: Иако су неке врсте рода Daedaleopsis биле цењене због својих лековитих својстава још од доба неолита, савремена наука се није довољно бавила њиховом биоактивношћу. Дефинисање антиоксидативне активности екстраката базидиокарпа, сакупљених из природе и гајених, и мицелије Daedaleopsis tricolor као и утврђивање њене зависности од састава и типа супстрата циљеви су ове сту дије. Етанолни екстракти мицелије и самониклих базидиокарпа показали су зна чајан антиоксидативни потенцијал (88,65% односно 81,57%), готово исти као и код комерцијалног антиоксиданса (88,91%). Способности редукције DPPH ра-ди кала огледају се и у EC 50 вредностимa које су биле 12,45 mg/mL за екстракт га-јеног базидиокарпа, 8,29 mg/mL за екстракт самониклог базидиокарпа, 7,93 mg/mL за екстракт мицелије и 0,10 mg/mL за комерцијални антиоксиданс. Упркос чиње-ни ци да садржај фенолних једињења није био занемарљив (између 20,41 µg GAE/mg сувог екстракта самониклог базидиокарпа и 146,37 µg GAE/mg сувог екстракта кул тивисаног базидиокарпа), његова корелација с антиоксидативном активношћу била је умерена. Флавоноиди су детектовани само у екстракту гајеног бази дио кар па (28,64 µg QE/mg сувог екстракта) што није било у корелацији с његовим анти окси-дативним потенцијалом. Изузетан антиоксидативни потенцијал, посебно за ми це-лијски екстракт, позиционира Daedaleopsis tricolor на високо место на ли сти нових обећавајућих природних антиоксиданаса.
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